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ABSTRACT 

A study was caiTied out in the field and in the laboratory 
to attenrpt to correlate the field percolation time ("t" time) and 
the laboratory pexineability data. Field percolation tests were conducted 
at 16 sites in different Ontario soils and laboratoiy tests were 
perfomied on soil samples obtained at the same test sites. 

The field percolation tine was correlated with the laboratory 
perroeability 5 which was the primary objective of the investigation. 
In addition, the eorrelation of percolation time and the grain size 
distribution and the plasticity data of soils was considered. An 
approximate correlation was suggested for sandy soils between the 
percolation time, perfi^ability and grain size distribution. Hcwevers 
poor correlation was found for clayey soils between the percolation 
time and the laboratory soil data. Explanations were offered for the 
apparent poor correlation. 
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1. INTRODUCTION 

Field percolation tests have been used for ali'riost fifty 
years to evaliiate the infiltration capacity of soil for septic tank 
effluent. The general prosedurTe of the test is as follcws: a hole 
is dug or bored in the soil to the depth of the proposed trench bottom, 
and water is p0'm?ed into the. hole for a period of several hours to wet 
the sunrounding soil. After the so.'aking period., the water le'vel in 
the hole is adjusted to a specified depth and the tijiK required for the 
water level in the hole to drop one inch is measured. Ihis time is 
generally refexred to as the percolation tinK (perc. time or "t"' time, 
frequently e>^ressed as minutes per inch or sijiply as minutes), which is 
used to estinmte the ability of soil tO' adsorb septic tank effluent. 

The percolation test is relatively sijiple, but it is time 
Gons'uming and troublesome when water is not readily available nearby and 
its procedure restricts it to be perfonied under moderate clinmtlc 
conditions. FurtheriTore , its reliability as an, indictor of soil suitability 
for on-site sewage disposal has been quest,ioned. 'ni,erefore5 a project 
was initiated in, the suniner of 1973 to study the possibility of us,ing 
laboratory soil data to estimate the percolation time of CMtariO' soils. 
Sudi indicatoiB .mi^t be used independently or ,in conj'unction with, the 
percolation test. 

The lain advantages of using laboratoiy test results for 
the prediction, of '"t" time .are: 

1. The laboratory tests can, be done at .any time 
of the ye.ar' after the soil samples are obtained 
in the field,, and 
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2, The laboratory tests can be done with relatively 

sinple apparatus and require shorter time to perform 
than the field percolation tests. 
In order to investigate alternatives to the percolation 
tests, field percolation tests were done in the summer seasons of 
1973 and 1974 at a number of sites underlain by different soil conditions. 
Soils samples wer^ taken from the bottom of or adjacent to the percolation 
holes. Subsequently, the following laboratory tests were done on soil 
samples : 

(i) permeability test, 
(ii) grain size distribution by sieve analysis 
or hydrometer test, and 
Ciii) plastici'ty index (liquid limit test or 
plastic limit test) . 
In conjunction with the experijiiental program, a literature 
Study was undertafcei to collect data pertaining to percolation tests, 
permeability tests and the physical characteristics of different soils. 



2 . REVIEW OF THE PEROOMTION TE ST 

The percolation test was initially devised by Henry Ryon 
in the late 1920 ''s (Federick, 1948) as. a tool for sizing tile fields, 
(drain field or leacliing bed) .and cesspools. Ryon/'s test involved 
digging a hole one foot squm^ and 18 inches deep,, or to the depth 
of the pro'posed trenches. 'The soil around the holes was so^aked with water, 
then the hole was filled with six inches of water .and the t,ijne it took 
the water level to drop one inch was nre^as'iired . This tijne was considei^d 
the "t" tinne of the soil. In order to .conrelate the "t" tijie with 
the perfoxnnance of th,e tile field system,,, Ryon deterTiined the sewa,ge 
loading rate of the installation. He also^ noted the prevailing 
conditions of the soil .and system in addition to perfO'miing the percolation 
test. He classified the systeins. wh,ich he s'tu,d,ied in,tO' three ^x^ups : 

i,. apparently loaded tO' c.apaeity5, 
ii. overflcwed at time,, an.,d 
iii. overflCTjing .at time of inspection. 
'Tti,e percolation rate and lo.ading rate were plotte.d on a graph and .an 
'envelope was .drawn on the assumption that .above the curve the lo.ading 
would be toO' mudi .and below the curve the loading would be s.afe, F'igijre: 
1(a) contain %on's p.ro'posed relationship of tile field lo.ading rates 
to "t" time, (percolation rate). This curve represents the desi^ 
criterion and has been in general .ac.c.eptance for interp'^reting the 
percol.ation rate in terms of tile field design in septic t.ank installation. 

Ryon also' studi,ed cess'pool loadin,g rates an,d related them 
to percolation, rates. TTie p.roposed rel,a,tionship is shown in Figure, Kb), 
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Tb ttie late 1940 'Oj the Environmental Health Center of 
"tiie U.S. pLfclic Heal1±ii Service perf'onned a conprehensive study to 
investigate the reliability of Ryon's percolation test. To do so 
field studies of 45 tile fields were carried out in much the same 
manner as were ^on's studies. The loading rates and history of eadhi 
system were determned and recorded. 

%ti 19485 KiJcer piiblished a procedure for conducting the 
percolation test and presented a fonmila for computing the allcwable 
sewage loading rate, G, which is related to the value of "t" time 
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t + 6.24 



where t is the peroolation time in minutes per inch, and G is the rate 
of eewage application in U.S. gallons per day per square foot of bottom 
trendi area. 

Ludwig and LudWig (1949) and Ludwlg et al (1950) proposed a 
modification for measuring the changes in the percolation rate with 
time, and a mathematical analysis of tiie measurCTients . Ihey also 
propoeed tiriat the allcwable sewage effluent absorption rate is approxiiMtely 
equal to 5% of the clear water rate. 

In 1952, Federick proposed a modification of Ryon's test and 
formulations for calculatijig the allowable sewage loading rate, Q, in 
U.S. gal. per sq. ft. per day, as a function of the "t" time. For 
tile fields, Q = B//t and for leachiiig cesspools, Q = 7/^, 

To date, the perGolation test has been adopted by iiBny 
government agencies in Canada and the U.S.A. Through the years, the 
test has undergone various minor modifications . The procedure most 
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widely used and frequently referred tO' is the Standard Percolation Test 
Procedure reconimended by the U.S. Public Health Service (USHiS Test) 
CU.S. Public He.alth Service, 1967). In this procedure' the P'rep^aration 
and soaking of the test holes are standardized. In order to reduce the 
cost and labour of doing the tests , it is reconroended that smaller 
auger holes (4 to 12 inches (10-30 cm) in diameter) be used instead of 
1 foot square holes as originally ■employed by Ryon. All these modifications 
are desi,gied to ensure a successful measmTeiinent and to^ give a more 
reproducible result in the saire soil. 
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3 . TESTING PROGRAM 

A nuniber' of sites were selected for this prx]iject on the 
basis of several criteria: 

i, fairly unifonii soil condition at the testing area, 
ii, availability of water, 
iii, easy access to the site, and 
iv. a variety of soil types. 
At the outset of the project, tests were nainly done in sandy soils, 
and later silty and clayey soils were tested. 
3.1 Procedure for Percolation Testing 

At one site, usually three closely spaced holes were used 
for the tests so that a nore representative percolation time of the soil 
could be obtained. The depth of a hole was about 2 ft. (60 cm) and the 
diameter was 4 indies {10 on). The hole was initially filled with water 
to liie depth of about 12 inches C30i cm) above the bottom of the hole 
and the soil adjacent to the hole was soaked, usually for a period of 
24 hours. Follcwing the soaking period, the water level in the hole was 
adjusted to approxinately 6 inches (15 cm) above the bottom of the hole. 
The required time for the water level to fall one inch (2.5 cm) was 
measured repeatedly imtil fairly consistent time readings were obtained. 
Ihe average of the last 2 or 3 readings was considered as the percolation 
time ("t" time) . 

In doing the percolation test in sand, a wire mesh was placed 
in the hole to support the side walls of the hole. 
8. J Equipment for Percolation Testing 

Figures 2(a) .and 2(b) show the equipment used for field 
testing. The p^rts are listed as follOftrs: 
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(A) Drums - to contain water which was used during the 
soaking period and during the percolation testing. 

(B) Yard Stick - to measure the movement of the float 
("E" in FigLD-e 2(b). 

CC) Timer - to measure tinae with an accuracy of 1 second. 
(D) Soil Scraper - to clean up the loose soil at the 
bottom of the percolation hole. 
3.3 Laboratory Testing 

At each percolation test site , soil samples were obtained 
for testing in the laboratory. Several tests were performed: 
f « tfermeability tesif 
ii . Sieve analysis for sandy soils , 
iii . Hydix>meter test for clayey soils , 
iv. Atterberg liinit tests (plastic limit and liquid limit 
tests) . 
The last thr"ee tests were, performed on disturbed soil saraples and 
perme ability tests were performed either on disturbed (coiDpacted) 
or "undisturbed" samples. The proGedure for conducting the penneability 
test is briefly described as follows : 
i, Pemieability of Sand 

Basically, two laboratory methods were used to determine 
the permeability coefficient of sandy soils. 

1) The constant head method and 

2) The falling head method. 

The constant head method usually is recommended for coarse and gravelly 



sand when the flow of water is fast and the value of permeability is 

-1 -2 
.i.n the oi>der of 10 to 10 cm/sec. The falling head method is 

generally used for silty fine sand and for soils with slight cohesion. 
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In both me"&iods , a disturbed soil sample was iin,iforTrily 
coipacted in several equal layers in a pemieameter to a density 
approxljnately equal to the Zn hltti soil density. 'Then air was 
removed from the soil sample .and the soil w^as sat'urated by de-aire^d 
water. Wien tlie fl'CW- of water became steady the foliating, measurefnents 
were, taken .and recorded.: t:iine5 initial and final water^ head (in the 
falling head meth'Od) 5 the discharge of water percolating throu^ 
tine s.a]iple (in the constant head method), the temperature of water,,, 
the wei^t of "Oie compacted soil, its volume, area and hei^t* 
From 'these measurements the value of the permeability .and the dry 
density of the contacted soil could be calculated, 

ii Permeability of Clayey Soil 

A triaxial-penie:.ameter (Qian S Kenney., 1973) was used to 
ineas.'ijre ttie permeability coefficient of an. "undis.tiff'bed''' sample which 
was obtained with a :Shelby tube (thin-walled steel tube) 2 inches (5 cm) 
in diajie.ter. 'Ihe soil s.ample was extruded from the t'libe .and cut to 
length, usually three inches (7,5 cm) long. Ihe soil sample was set 

up in the triaxial cell and a sinall pressure, about 3 to 5 p.s.i. (0,2 

2 
tO' 0.35 kg/cm was used to consolidate the s.aiTple. Before the 

■permeability neas'urement ,, w.ater was .allowed to enter the soil sample to 

bring the soil closer to saturation. During the test,, a back-press'ure 

2 
of 15 p.s.i. (1 kg/'On ) was used tO' dissolve soire of the .air bubbles 

in the soil.. The hydra\.ilic gradient used in the test was. ,approximately 

equal to 5. The '"'constant head" method was employed for the perroeability 

neasureiiBnt .. 
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H. TEST RESULTS 

The experimental data obtained in this prxsject and test 
results collected by other investigators are presented in tabulated 
and graphical forms. 

In this project, percolation tests were perfoxTOed at a 
total of 16 sites underlain by different soils ranging from very 
pervious sand to relatively impervious clay. The results of "t" time 
measureinents , penueability , grain size and plasticity data are 
suinmarized in Table 1. 

In the past several years, many field percolation teste 
were perfomed by the staff of i±ie Southwestern Region of the Ministry 
of the Environinent at sites near London , Ontario. The prevailing soil 
in the area is glacial till, which is relatively impervious. In 
addition to the field testing, soil samples were obtained for grain- 
size analysis and the detemiination of the plasticity indices. The test 
results sooe sunriHrized in Table 2. 

As part of the project, an extensive search of percolation 
test data in literature was done. The results from different sources 
are tabulated in Tables 3 to 9. 

The data summarized in the tables ai?e presented in several 
©r^aphs. Figure 3 is a plot of percolation time vs. perffieabilil^ 
coefficient. In Figure 4, the percolation time is plotted on the 
U.S. Dept. of Agriculture (U.S.D.A.) soil textural classification 
chart. On the same figure, the results obtained by Derr et al (1969) 
are also plotted. 

Figure 5 contains a sinplified relationship between soil 
types and grain size, which was proposed by Bemhart (1973). The 
percentage of silt and clay particles (<0.074 ram) in a soil is plotted 
against its percolation time in Figure 6. In Figure 7, the plasticity 
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index, whidi is the difference between liquid limit and plastic limt 
is plotted against percolation tine. 
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5. DISCUSSION 

5.1 Factors Affecting "t" Time 

Figure 8 shows a typical section of a percolation hole. 
Hie groundwater table is located a few feet below the bottom of the 
hole and therefore the soil around and beneath the hole is unsaturated. 
Field measurements by Hill (1966) showed that the soil suiroimding 
a 10 in. -diameter (25 cm) hole was indeed not sati^ated after the soaking 
procedure. Surface AD is the free water level of the water colunnri 
in the hole ; the envelope ABCD denotes an arbitrary boundary in the 
soil system. The rate of seepage of water from the hole into the 
unsaturated soil system is affected by: 

1, the unsaturated permeability coefficient of the soil 
system and 

2, the boundary conditions of the flow system, e.g. t±ie 
height of the water coluim in the hole and the soil 
moisture tension (suction) on the boundary, such as 
ABCD in Figure 8. 

"Ihe three-dajiensional flow of water is caused by p^avitational forces 
and the suctional forces in the unsaturated soil. 

Because the value of permeability for different soils varies 

/ -1 -9 
significantly, ClO to 10 cm/sec. see Table 10) and while boundazy 

conditions in the soil system do not change excessively, it is quite 

obvious that the penneability factor would be the more inportant 

parameter . 

5 . 1 . 1 Unsaturated Permeability 

The unsaturated permeability is a complicated soil parameter. 
Unlike the saturated permeability, the unsaturated permeability depends 
on the soil moisture tension (suction). Figure 9 shews an example 
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of the permsability (hydraulic conductivity) as a function of soil 
moisture tension. For sand, the hydraulic conductivity decreases 
drHStically with increasing soil moistuiTe tension and at certain values 
of soil moisture tension, the hydraulic conductivity of sand can be 
siraller than that of clay. The conductivity of clay also decreases with 
an increase of soil moistiire tension; however, the rate of decrease 
becomes smaller at higher values of moisture tension. 

In a percolation test, even after the soaking period, the 
soil is unsaturated (Hill, 1966) because the seepage of water from 
t±ie test hole under a small hydraulic head cannot completely remove 
the air from the voids in the soil mass. The soil immediately adjacent 
to the test hole would be closer to satuopation and therefore the soil 
mDistiupe tension is lower. Farther away from the hole, the soil is 
drier and the soil moisture tension is generally higher. Because the 
unsaturated permeability is influenced by the soil moistLme tension and 
because the soil moisture tension is not equal at various points around 
the percolation hole, a uniform system can have unequal values of 
peineability at different points. 

The previous discussion applies to a uniform soil system. 
In the case of a stratified soil (i.e. soil with layers of different 
material) or a heterogeneous soil deposit, the situation will be much 
more complicated. The permeability of each soil layer is governed by a 
certain permeability - soil moisture tension relationship. In a 
percolation test, the water flow pattern is three-dimensional and will 
be very conplicated in a heterogeneous soil system. The permeability 
of a soil at a specific point will influence the amount of soil water 
movement, and the amount of soil water in turn will influence the 
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unsaturated permsability. Hiepef oi?e , in a heterogeneous soil systeni, 
it is indicated that the permedDility of the soil varies iriDre 
si^ificantly in comparison with a uniform soil, 

*rhe soil in which a percolation test is perfoxined is 
near the goDund surface. It is obvious that tiie anount of soil 
noisture contained in the soil changes with the weather condition. 
Therefore, the unsaturated permeability of a soil will vary in 
different seasons of the year. The soaking of the soil before the 
percolation measurenent will increase the amount of moistiire in a 
dry soil and reduce the difference in the moisture content between 
an initially dry soil and wet soil. However, the soaking of the soil 
around the hole will not likely produce in successive tests an identical 
moisture regime (or soil moisture tension) in soils which were initially 
quite dry or wet. Because of the difference in permeability, it 
has been found that in the same soil, the percolation rates obtained 
can vary by a factor of two or three. 

5.1.2 Differences in Boundary Conditions 

The rate of flow of water from the hole is affected by the 
moisture suction of the unsaturated soil adjacent to the hole. The 
suctional gradient existing in tiie soil at Hie time of testing is 
affected by: (a) the weather condition dicing teeting time, Cb) 
the time spent in soaking the soil, (c) the soil characteristics 
(for mor^ permeable soil, the soil suction is probably reduced more 
effectively by a given period of soaking time). 

5.1. 3 Differences in Testing Conditions 

When a percolation hole is prepared, the soil around the 
perimeter and the bottom of the hole is disturbed. If care is not 
exercised in preparing the hole, the soil will be smeared and greatly 
disturbed, which decreases the permeability of the soil. 
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During the soaking period, some fine soil particles 
are washed down from the side walls to the bottom of the hole, which 
will impede the flow of water through the bottom. For soils which 
are quite dry initially, the soaking water causes slaking of the soil 
and consequently a large quantity of fine-grained soil particles will 
be deposited at the bottom of the hole. The loose material needs 
to be removed very carefully so that the blocking of the flow of 
water during the percolation test is minimized. 

As discussed in subsection 5.1.1, the length of the soaking 
tijne can affect the moisture content of the soil, and lience the 
unsaturated permeability and the suctional gradients in the soil. 

The method used to measure the "t" time can also affect 
the test result. Generally, two methods have been used: 

i. the average time per inch for the water level to drop 
a few inches in the hole is considered as the "t" time 
and 
ii the water level in the hole is kept at a fairly constant 
level (e.g. 6 inches above the bottom of the hole), 
and the time which takes the water level to drop 1 inch 
is considered as the "t" time. 
i*f Factors Affecting Ijaboratory Permeability Measurement 

To perform laboratory permeability tests it is necessary 
to take samples in the field. For clayey soils, a 2 in. (5 cm) - diameter 
Shelby tube (thin-walled steel tube with a sharp cutting edge) is 
usually used to obtain an "undisturbed" sample. Because the soil 
to be sampled is near the ground surface and is generally dessicated. 
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It IS often very difficult to obtai.n a p^,ood santple. Mot^ than 
fiTequently, a drop hairmer is used to force the tube into the soil. 
This saitpling technique can have several damaging effects to the soil 
sajiple ; 

ip large disturbance to the structure of the soil 

adjacent to the inner surface of the tube, 
11* closing up of the fissures, cracks and root holes 

which may exist in the soil Zn 6Ztu. and which are 

sigjiificant to the flow of water, and 
lUfc slight increase in the density of the soil sairple. 
These factors can cause a significant decrease in the permeability 
of the soil. 

In the laboratory, the clayey soil sample is conBolidated 
slightly before the permeability measurement , After the consolidation 
process, the fissures, cracks, small root holes in the soil sanple 
are closed up more and the volume of voids in the soil structure is 
slightly decreased. Consequently, the permeability of the soil sairple 
is further reduced. 

In laboratory test, the water flows in one direction through 
the soil sample. In a sample with different soil layers, (e.g. stratified 
soil) , the water permeates across the layers and the flow is controlled 
by the less permeable layers. In a perc:olation test, the water flow 
pattern is three-dimensional, and the lateral flow can be very important. 
If the soil is layered, the seepage in the lateral direction can be 
@:^atly increased by the presence of the more permeable thin layers 
which are not significant in the laboratory one-dimensional flow condition. 
Iliereforej the average field permeability of a stratified soil can be 
grossly underestimated in the laboratory. 
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5 . 3 Discussion, of Test Results 

From the previous discuss.ions „ it caji be seen that the 
"t" tiim of a soil is inainly affected by the unsaturated permeability. 
"nnerefore, it would seem feasible and reasonable to relate approximately 
the "t" tine of a soil to its pe'iroBability whose value is equivalent 
tO' -ttie combijied values of perne^ability of the soil at different 
points adjacent to the test hole. Such a relationship is given in a 
U.S. Dep.artirEnt of the Interior publication (1963). According to 
the equation a "t" time of 60 minutes corresponds to a pe]niie,ability 
value of 3.2 x 10 cm/sec (See Fig. 10 for detailed calculations); 
a "t" tiitm of 5 minutes corresponds to a value of permeability equal 
to 4 X 10 on/ sec. It should be emphasized that this "t" time .and 
permeability relationship is derived on the basis of a number of 
sinplifying assumptions with regard to^ the flow regiit^ .and boundary 
GonditionB* 

TheO'retically, if the relationship of the unsaturated 
permeability and the soil moisture tension can be determined 
experimentally and the equivalent perme.ability equal tO' the combined 
values O'f the pemeabllity coefficients at various points adjacent 
tO' the test hole can be computed ,. it would then be possible to compute 
the "t" time: of the soil for specific boundary conditions from the 
equivalent permeability. In practice ,,. it is very difficult and time 
consuming to measure the unsaturated pemneability and is practical].y 
impossible to calculate the., equivalent permeability arO'Und the hole. 
Therefore,, from a practical view point, the saturated peme:ability appe.ars 
to be a 'reasonable altexnative for estimating the "t" time of a soil. 

Fi,gure 3 is a graphic sunmary of '''t"' time versus 
permeability . 



.1 
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Firstly, the discussion will be for soils with values 

-5 
of perfieability greater than 10 cm/ sec. These soils are mainly 

sandy and silty soils and generally are oohesionless . However, some 

clayey (cohesive) soils, because of their soil structure, may have 

pemreability values belonging to this category. It can be seen 

that there is a significant amount of scattering of the points. Ihis 

is not ime>q3ected because the "t" time of the soil is affected by 

many factors (refer to Section 5.1), sone of which are rather difficult 

to control. 

However, despite a number of factors which can influence 

the '^t" time and permeability measurements, on the basis of the 

experiiiental data, an enpirical relationship between the permeability 

and the "t" time of soils can be suggested for the design of tile fields 

. . -5 

in sandy and silty soils with permeability values greater than 10 

cm/ sec. (See Table 11). 

For non-cohesive sandy and silty soils with pemeability values 

, -5 -6 

between 10 and 10 cm/sec, it appears that the corresponding "t" time is 

approximately 60 minutes. However, it should be enphasized ttet this 

correlation is based on very limited data and therefore it should be used 

with caution and judgement together with other soil test data. 

The suggested values of "t" time corresponding to the 

perroeability should be considered as envelopes for practical design 

purposes. Although the correlation is a crude one, it would be useful 

and adequate for estimating the required tile field area, because Ryon's 

correlation between the allowable sewage loading rate and "t" time 

is also a very approximate one. 
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It can be seen that the sugg*ested, eipirical pelationship 
tetween the "t" t,ijie and the permeability is quite different 
from the theoretical '''t" tine .and perme'ability relationship as given 
by the U.S. Bureau of Reclamation equation. 'The difference can be 
attributed to: 

i. assuirptions made in the theory ^re not all valid, 
ii. conplications occurred .in field testings, e.g. smearing 
of the surface of the hole and the sediinentation of 
the soil particles at the ■bottom of the hole, are not 
taken .into account in the derivation of the equation .and 
iii. the saturated permeability is used in the empirical 

cora«.lation, but act'ually the seepage of water from the 
hole intO' the surroun^ding soil is affected, by the 

unsaturated. pernEability. 

-.5 
For soils with permeability -values s:iiialle.r than. 10 ' ■cm/sec, 

it would be very difficult to co'rrelate the "t" tine of the soil to 

its peiiie.ability beica,use of significant scattering in the experiiiental 

pO'ints .and be.cause the data collected, to date is limited. 

The si,gnificant scattering of the experimental points can 
be attributed, tO' a very large extent, to the limitations of the 
laboratory te'dhnique which was used to measure the labO'ratory pemieabllity 
of clayey soil s<aiiples. At some test sites, (e..g. Clairville and 
Whitby) , the structure of the soil i.n hitii was favo'urable for the 
percolation of water; however, the beneficial .features, were' probably 

not present or were eliminated in the small soil s.amples. Consequently, 

—7 —8 
the measured laboratory permGability became very s:ma.ll (10 ' to 10 

can/sec). 
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The data contained in the U.S.D.A. triangular chart (Figure 4) 
will be LEeful for non-cohesive sandy and silty soils, but will be of 
limited use for clayey soils. However, the data do point out that 
for clayey soils, the probability of having a "t" time above 
60 minutes is high. 

The **t'* time suggested by Derr et al (1969) for clayey 
soils (e.g. clay, silty clay) appear to be on the low side. However, 
it should be reironbered that their data were obtained by testing 
soils in Pennsylvania State* and the reported "t" time were results of 
statistical evaluation. Therefore, the Pennsylvania results should 
be used with extreme caution for Ontario soils. 

Figure 6 is a plot of the percentage of silt and clay 
content of a soil vs "t" time. For practical purposes a design 
envelope is suggested. 

For clayey soils, it can be seen that a 90% silt and 
clay content can mean a "t" time ranging from a few minutes to a 
few hundred minutes. No design envelope is suggested for soils 
with larger than H0% silt and clay content. 

Referring to Figure 7, the plasticity index of soils 
varies with a very wide range of "t" time. For example ^ a value 
of plasticity index equal to 10 can indicate a "t" tijue of a 
few minutes to a few hundred minutes. Therefore, it would be 
difficult to estimate the "t" time for the soil solely on the basis 
of the plasticity of the soil. 



- 20 - 



6. SUMMARY AND CONCLUSIONS 

The percolation time ("t" time) in a field percolation 
test is affected by several factors : 

i. the soil characteristics, the inDst inportant one being 
the unsaturated permeability. 
ii. the soil moisture tension or suction in the soil 
adjacent to the test hole, and 
iii. the conditions during testing* 

On the basis of experimental data, a design envelope 
(or guideline) can be proposed for the estimate of "t" time from the 
permeability of non-cohesive or slightly cohesive sandy and silty soils 
(see Table 11). However, it is not possible at this time to recoranend 
an approxinete "t" time and permeability relationship for clayey 
(cohesive and structured) soils. The main reason appears to be that 
the soil structure of the laboratory permeability test sairple is 
significantly different from the Zn 6aXu, undisturbed soil structure. 
In the field test, the presence of fissures, cracks, rootlet, worm 
holes, thin pervious soil layers, etc., can greatly reduce the "t" 
time of a soil. In the laboratory test, these beneficial features are 
either destroyed during sampling and testing or they are simply not 
present in the small soil sample. Therefore, the laboratory test results 
will always indicate a wdtb ijnpervious condition than that exd sting in 
the field. If the laboratory data show that the soil is relatively 
pervious , it means that the soil should have a good infiltrative capacity 
for water. However, if the laboratory results indicate that the soil is 
relatively inrpervious , it does not necessarily mean that the soil is 
impervious in the field. 
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The use of the percentage silt and clay content in a 
soil as an indicator for "t" time is feasible for sandy and silty 
soils and not practical for clayey soils because such soils with a 
large percentage of silt and clay content mi^t have a small value 
of "t" tinre. 

For sandy soils, it is possible to estimate approxijnately 
their "t" time on the basis of the grain-size distribution curve 
which can be determined in the laboratory. 

For clayey soils, it is difficult to correlate the 
'•t" tirne with data on perTiieability, grain size distribution and 
plasticity. However, these soil test results should be useful| 
at least in a qualitative sense, to a tec^mician (or hecilth inspector) 
because the results would indicate the probability of the soil being 
a "problem" soil for the installation of tile fields. For exainple, 
if the soil has a small value of permeability, a large percent of silt 
and clay content and a hi^ value of plasticity, then it is quite 
likely that the soil would also have a large value of "t" tiine. In 
addition to the use of the laboratory data, it is advisable to study 
carefully the In -SaXu soil structure and the density of the soil 
in a trench or an exposed soil surface. If the soil is not disturbed 
and has fissures, cracks, rootlet and worm holes and small channels, 
and the soil does not appear very dense, the clayey soil would probably 
have a "t" time less than 60 minutes. However, if the soil is dense 
and nassive in structure, it is quite likely that the material wDuld 
frnve a "t" time exceeding 60 minutes. 

To date, it is still a difficult problem to assess the 
suitability of clayey (structured) soils for the absorption of septic 
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tank effluent. In the absence of a better field or laboratory 
indicator, the value of "t" time of clayey soils would be a useful 
parameter for design. However, if it is not feasible to perform 
"the field percolation test in such soils, an evaluation of the 
suitability of clayey soils on the basis of soil properties, soil 
naps and local knowledge of the perfoimance of existing tile fields 
in similar soils would be a good alternative (U.S.D.A. , 1961, Morris 
et al, 1962, Seglin, 1965, Huddleton and Olson, 1967). 
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TABLE 1. PERCOIATION 8 LABORATORY TEST RESULTS OBTAINED 

IN THIS PROJECT 



Site 


"t" Tiim 
( min/in) 


Peririeability 

(cm/sec) 
(compacted 
sample) 


Soil Characteristics ! 


Soil 
Tsrpe 


Sand % 


Silt % 


Clay % 


L.L. % 


P.L. % 


P.I.% 


Woodbine Beach 
(Metro Toronto) 


0.4 
0.3 

0.2 
0.2 


1.2 3C 10'^ 


99 
97 
98 
97 


1 

1 

S 




[ 






sand 


Fairly Take 
Area (near 
Huntsville) , 
Site 1 


3.? 

1.0 


2.3 X 10"^ 
1.9 X 10 


85 
36 


15 
4 






i 




sand 


Fairly T^ke 
Area, Site 2 


3.0 

5.0 


1.3 X 10"^ 
7.3 X 10 


85 
88 


15 
12 










sand 


Fairly Take 
Area, Site 3 


1.0 
1.0 


1.4 X 10"^ 
3.2 X 10""^ 


94 
93 


6 
7 






<: 




sand 


Port Credit 


3.4 
3.7 


2.3 X 10"^ 

3.4 X 10 "^ 


71 
69 


23 

25 


6 
6 




\ ' 




silty 
fine sand 


Severn River 
and Hwy. 11 
Intersection 


4.3 
16.5 


i 
i 


14 
12 


70 

73 


16 
15 




1 


' 


CL-ML 


Komoka 


45.0 
40.0 


7.3 X 10"^ 
4.0 X 10 ^ 


65 


28 


7 




' ! 




silty 
sand 


Poplar Hill 


9.0 


4.2 X 10"^ 


52 


38 


10 




! i 




silty 
sand 


Orillia 


14.5 
39.0 
23.0 


1 


62.1 
61.5 
62.4 


25.3 
28.9 
26.9 


12.6 

9.6 

10.7 




1 1 




ML 



:st.#^' ws:^- .•'*Ji^^ri;^:. 



i; ^'^t- -.sf ii'': 



TABUE 1. 



Cont'd 



Site 

■ 
i 


"t" Tune 
dnin/in) 


Permeability 

(ciTi/sec) 

(Shelby Tx±»e 

Sauple) 






Soil 


Characteristics 




Soil 
Type 


■ 


Sand % 


Silt % 


Clay % 


L.L. I 


P.L. % 


P.I. % 




Rowntree's Mill 

: Park 
(Metro Toronto) 


1.8 

5,7 
^.7 
1.7 


2.5 X 10"^ 


22 

28 


64 

1 

59 


14 
13 


30.2 
26.2 


19 . 3 
19.2 


10.9 
7.0 


CL 
CL-ML 




Clairville (Con- 
servation Area, 

(Metro TorxDnto) 


1.3 
1,2 

1.2 
1.2 


^ -7 
2.1 X 10 ' 


32 

12 


50 
63 


18 
25 


28,5 
36.1 


18.7 
22.8 


9.8 

13.3 


CL 

CI 




Heart Lake Area 
(near Braiipton) 


175.0 
192.0 
153.0 


1.3 X 10""^ 

) 


23 


51 


26 


35.0 


20.7 


14.3 


CL 




Whitby 


13.5 
20,5 


1.6 X 10 7 

1.7 X 10 


6 
4 
6 


52 
68 
45 


42 
28 
49 


51.0 
38.4 
47.8 


22.8 
17.8 
20.0 


28.2 
20.6 
27.8 


CH 
CI 
CI 




Rexfiale 


5.0 
158.0 
95.0 
99.0 


1 X 10""^ 
(Estiuated) 


11 
10 
15 
10 


35 
35 
41 
37 


54 
55 
44 
53 


35.1 
39.2 
35. u 


17.8 

19.0 
18.5 


17.3 
20.2 
16.8 


CI 
CI 
CI 




Marlcham 


127.0 

94.0 


1 X 10""^ 
(Estimated) 


48 


36 


16 


29.3 


15.8 


12.5 


CL 




Don Mills 


4560 


1 X 10"^ 
(Estimated) 


40 


43 


17 


25.4 


15.0 


10.4 


CL 


\ 



IB 



TABLE 1 Cont'd 

Remarks 

X, The soils arB classified according to the Unified Soil Classification 
System. CL = clay of low plasticity (lean clay). ML = sandy silt, 
CI = clay of intermediate plasticity. CH = clay of high plasticity 
(Fat clay) . 

2. L.L. = Liquid Limit. P.L. - Plastic Limit. P.I. = Plasticity Index. 

3. The first eight sites were underlain by non-plastic (non-cohesive) soils. 
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TABLE 2. PERCOLATION TEST RESULTS AND CHARACTERISTICS OF SOILS 

IN SOUTHWESTERN ^GION OF MOE 



Site 


"t" Tijne 
(min/in) 


Soil Characteristics 


Soil 
Type 


Sand % 


Silt % 


Clay % 


L.L. % 


P,L.% 


P.I. % 


Snider 


120 

160 
128 
160 


16 
11 
12 
17 


56 
48 
54 

59 


28 ' 

41 

34 

24 


28.6 
42.5 
40.8 

24.1 


15.0 
18.8 
18.1 
13.9 


13.6 
23.6 
22.7 

10.2 


CL 
CI 

CI 

CL 


Conklin 


120 
160 

400 


25 
20 

10 


51 
53 
57 


24 
27 
33 


29.1 


14.0 


15.1 


CL 
CL 
CL 


Durcharme 

1 


360 
120 
280 


21 
22 
17 


48 
54 
51 


31 
25 
32 


30.5 
25.5 
29.5 


14.8 
13.7 
14.6 


15.7 
11.8 
14.9 


CL 

CL 
CL 


Maypark 


100 
140 


II 6 
22 


68 
53 


26 
25 


31.3 
30.5 


16,6 
16.7 


14,8 
12.8 


CL 
CL 


Kuelk 


60 
36 


14 

10 


62 

64 


24 

26 


27.3 
27.3 


15.5 
13.7 


11.8 
13.6 


CL 
CL 


Montieth 


18 

148 

\ 80 

60 


28 
21 
23 

25 


51 
57 
56 

49 


21 
22 
21 
26 


23.0 
24.7 
31.5 

25.0 


13.6 
14.4 
17.2 
13.4 


9.4 
10 . 3 
14.3 
11.1 


CL 

CL 
CL 
CL 


Martin Pky 


120 
80 


i 

13 


78 
48 


13 
39 


21.2 
39.3 


17.3 

16.4 


3.9 
22.9 


ML 

CL 



00 



;f js 



TABLE 2 Cont'd 



Site 


"t" Tijne 
(ndn/in) 






Soil Characteristics 






Soil 
Type 


Sand % 


Silt % Clay % 


L.L. % 


P.L. % 


P.I. % 


Kinsnien 


480 
120 


4 
15 


71 
52 


25 

33 


22.0 
28.2 


15.3 
15.1 


6.7 
13.1 


CL-M. 

CL 


Roy 


36 


25 
5 


■60 
68 


15 
27 


21.0 
34.7 


16.2 
17.2 


14.8 
17.5 


m^cL 

CL 


Dzisk 


60 


8 


48 


44 


41.2 


16.5 


24.7 


CL 


Wynne 


56 
56 
12 


12 

20 

7 


67 
52 

53 


21 
28 
40 


22.6 
28.0 
49.9 


13.5 
13.7 
17,8 


9.1 
14.3 
32.1 


CL 
CL 
CI 


Ewild 


360 
120 


41 
17 


32 
47 


27 

36 


31.8 
37,2 


14.9 
15.0 


16.9 
22.2 


CL 
CL 


I anglois 


80 
88 


19 
21 


55 
57 


26 

23 


36.1 
29.2 


16,6 
16.1 


19.5 
13.1 


CI 
CL 


Heterington 


400 




, , 


\ 


33,1 


16,7 


16.4 


CL 



Renarks 



1. Itie size of percolation hole was 8" (20 cm) in diamster. 

2. The original percolation time ("t" time) was obtained for the drop of 
±he water level from 12" (30 cm) to 11" measured from the bottom of 
■die hole. In order to be consistent with percolation time from other 
sources, the percolation time for the water level drop from 6" to 5" 
was estijnated [t (6" to 5") = t(12" to 11") x a factor of 2] and 
reported in "tiiis table. The e^qjerience in doing percolation tests 

in Ontario indicates that this factor is about 2. 
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TABl£ 3, TEST RESULTS FROM BOUMA (1970) 



Site £ Soil 

i 


"t" Time 
(mln/in) 


Peniieability 
(cm/sec) 
(Double Tube 
Method) 


Grain £ 


dze Dis 


tribution 


Sand% 


Silt% 


Clay% 


Ghfiniiany Silt Loam ^ 
APCSilt Loam) 20 on 


11.3 


1.2 X 10"** 


4.0 


81.0 


15.0 


B^CSilty Clay Loam) 
60 cm 


19.9 


-4 
6.0 X 10 


1.6 


6-5.9 


32.5 


' B CSilty Clay Loam) 
120 cm 


34.5 


3.0 X 10"^ 


2.0 


67.9 


30.1 


Mandt Silt Loam 

AP (Silt Loam) 20 cm 


6.0 


1.2 X 10 


11.9 


68.1 


20.0 


B^ CSilty Clay Loam) 
50 cm 


21.0 


2.9 X 10~^ 


1.8 


68.2 


30.0 


Bg CSilty Clay Loam) 
80 cm 


31.8 


8.1 X 10"^ 


2.2 


67.8 


30.0 


OiTiio Clay, Cultivated 
AP (Clay) 20 cm 


99,0 


5.8 X 10"^ 


2.6 


26 . 3 


71.1 


B^ CSilty Clay) 
50 cm 


50.8 


7.0 X 10 ^ 


6.6 


53.4 


40.0 


1 (Silty Clay Loam) 
80 cm 


37.7 


5.8 X 10"^ 


1.9 ■ 


61.9 


36.2 { 


Arena Loamy Sand 
B^CFine Sand) 80 cm 


2.2 


1+.9 X 10'^ 


94.6 


2.9 


2.5 1 


Plattville I Silt Loam, 
Cultivated. B (Silty 

Clay Loam) 80 cm 


38.5 


2.3 X 10"^ 


2.4 
: 


66.4 


31.2 


Plattville II Sxlt Loam, 
Virgin Bg (Silty Clay 

Loam) 80 cm 


6.5 


8.7 X 10"^ 


2.5 

> 


67.5 


30.0 

1 



Remarks : 



1. Size of hole = 10" (25 cm) 

2. 2" gravel at the bottom of the hole. 

3. 14" water head above the bottom (12" water head above the gravel) 
for soaking. 

4. 8" water head above the bottom (6" water head above the gravel) 
for percolation time measui^ements . 

5. Agricultural soil classification system used by Bouma. 
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TABLE 4. TEST RESULTS FROM BOUMA (1971) 



Site and Soil 


"t" Tine 
(mill/in) 


Permeability (cm/sec) 
Double Tube Method 


Batavia Silt Loam 
B (60 cm) 

6^(120 cm) 


22.8 
56.2 


6.9 X 10"^ 
2,6 X 10 ^ 


Piano Silt Loam 
62(50 cm) 

B (80 cm) 


18.3 
24.1+ 


3.2 X 10"*^ 

1.3 X 10"^ 


Tama Silt Loam 
B2t( Virgin Site) 

(80 cm) 

B (Cultivated) (80 cm) 


8.7 
25.4 


1,1 X 10"^ 
3.1 X 10"^ 


Saybrook Silt Loam 
TIC (Stony Sandy Loam 
Tilt) 


3.0 


9.3 X 10""^ ! 


Plainfield Loany Sand C 
(120 cm in sand) 


2.3 


3.5 X 10"^ 



Remarks : 

1. Size of hole = 6 in (15 cm). 

2. 2" gravel at the bottom of test hole. 

3. Water head was measured fran the top of gravel. 
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TAB'UE 5. TEST RESULTS FROM BOUMA (1972) 



Site and Soil 


"t"Time 
(min/in) 


P'erTieability (oi/sec) 
Double tube method 


Grain Size Distribution 


Sand %. 


Silt % 


Clay ■% 


Kelly Take TuBtin 
Fine Sandy Loam 
IIB.^ (Sandy Clay 

'Loam) 46-76 cm. 


200.0 


1.2 X 10"^ 


47 


27 


25 


Ashland Hibbing 
Sixty Clay Loam 
BgCClay) 

65-120' cm. 


IWO.O 


-2,3 X 10"^' 


1 1 
25 


28.5 


46.5 


Darxiis Vilas 
Loajiy Sand 
C (Coarse Sand) 
90 c:m+ 


i 

< 1.0 


6.9 X lOi^'^ 


99 


1 





Ifajnshfield Wlthee 

Silt Loam 

ITB^ (Clay Loam) 

63-120 cm. 


1400.0 

ii 


2.3 X 10"^' 


37.5 


33 


29.5 



Renarks 

1. Size of Hole = 4"-6" . 

2 . 2"' ,gravel at the bottom of the hole . 

3. Depth of water was measured from top of ^gravel. 
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Tmm 6. TEST RESULTS FROM MDKM (1966) 



Site and Soil 


"t" Time 
(ffiiii/m) 


PeiTieability 
Core Sajiple 
(cm/Bee) 


Grain S 


ize Disli'ibution 


Sand% 


Silt! 


Clayl 


3 

St. Clair Loam 
C2 (Silty Clay) 


182.0^ 


1.1+ X 10"^ 


16.7 


39.9 


■ 
1+3.4 


Miami Sandy Loam 
B22t (Sandy Clay Loam) 


m,3* 


1.2 X 10"^ 


51.0 


26.5 


22.5 


Hillsdale Sandy Loam 
B22t (Sandy Loam) 


1+1.7*^ 


1.7 X lO""** 


67.7 


15.7 


16.6 


Oshtemo Loamy Sand 
B22 (Gravelly Sandy 
Loam) 


2.6* 


7.3 X lo'^ 


SI. 8 


5.8 


12.4 


Graycalm Loam Sand 
A2 (Sand) 


l,.,.i|^ 


urn 
1.2 X 10 


96.8 


2.4 


! 

0.8 



Remarks ; 

1. Size of hole = ?"• 

2. 2" Gravel at the bottom of the hole. 

3. Water head was measured from top of gravel. 

4. Percolation time was measured when the water 
level was 4 to 8 inches above the gravel . 

5. ''The average percolation time measured in the 
period from Apri.l to August. 
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TABLE 7. TEST RESULTS FROM HEALY S LAAK (1973) 



"t" Time (min/in) 


Peiiiieability (cm/sec) 

coine sample 


2.2 

7.1 

6.4 

5.1 

1 10.4 

1 1.3 

1 2.4 

2.7 

2.9 

3.5 

3.5 i 
1.6 
. 5.1 
1.4 
1.6 
2.0 

1.5 ! 

1 2.1 

3.9 

14.2 

11.6 

16.0 

11.8 

3.6 

0.9 


1.3 X 10"|| 

1.3 X 10 1; 
2.6 X 10 1; 
3.9 X 10 1; 

2.1 X io~[; 

6.5 X lorj; 

7.2 X io~|; 

8.8 X 10 ^ 
7.8 X 10 ^ 
6.8 X 10 ^ 

9.1 X 10 ^ 

1.3 X 10 :^ 

1.2 X 10 ^ 
2.1 X 10 ^ 

2.4 X 10 ^ 

2.6 X 10""^ 
3.0 X 10"^ 
4.0 X 10 ^ 

4.0 X 10 ^ 

5.7 X 10 !J 

2.1 X 10 ^ 

1.8 X 10 ^ 

3.5 X 10 ^ 
1.4 X 10 ^ 

3.3 X 10 



Remarks : 

1. Size of Hole = 6" - 8" 

2. Depth of Hole =2^-3' 

3. Ilie percolation time was measured after second 
filling of the hole to a depth of 12", by observing 
the rate of water level falling between 8 and 4 
inches . 
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TMI4E 8. TEST RESULTS FROM HILL (1966) 



Site & Soil 


"t" Tijie (min/in) 


Permeability 

(cm/sec) 
Core Sample 


MerT?lmac sandy 
loam 
at 18" 
at 36.'" 




6.1 K lO'f 

1.2 X 10 


Cheshire fine 
sandy loam 

at 18" 


7A 


^ i.bm ixr^' 


Wethershield 
silt loam 
at 18" 


60.0 


4.2 X 10"^ 



1* Size of hole - 10"- 

1. 10% inches gravel at the bottom of the hole during presoaking. 

3. 4J5 iriches gravel at the bottom of the hole during percolating 
time measurement. 

%. Percolation time was measured by the water drop from 6 to 5 
inches . 

5. Water head was measi^^d from the bottom of test hole. 
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TABLE 9. MEAN PERCOLATION TIME FOR FIELD 
DESIGNATED PERMEABILITY CLASSES 



II Peiiieability 


Permeability Range 


"t" Tiine 


'' Class 


(cm/sec) 


(min/in) 


Very slew 


Less than 0.35 x 10~ 


304.8 


Slow 


0.35 X 10"^ to 1.4 X 10"^ 


152.4 


Moderately slc^ 


1.4 X 10"^ to 5.7 X 10"^ 


54.4 


I^xierate 


5.7 X 10""^ to 17.6 X lO"'^ 


11.5 


Mcxierately rapid 


17.6 X 10"^ to 35.2 X lO'^ 


5.6 


Rapid 


35.2 X 10"^ to 70.4 x lO"^ 


2.9 


Very rapid 


-4 
Over 70.4 x 10 


2.5 



# J 



Reinarks : 

1. Permeability class is based on U.S. Dept. of Agriculture Classification, 

2. Data are firom Derr et al (1969). 

3. The percolation testing meliiod used was similar to 
the procedure outlined by the U.S. Public Health 
Service (1967). 
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TAB1£ 10. APPROXIMATE PERMEABILITY OF 

DIFFERENT SOILS 



Typical 



Value of K cm/sec* 



Relative 
Permeability 



Coarse gravel 

Sand, fine sand 

Silty sand, dirty 
sand 

Silt 

Clay 



over 1 X 10 



-1 



1 X 10"-^ - 1 X 10*"^ 



1 X 10^ - 1 X 10 ^ 
1 X 10"^ - 1 X 10""^ 



less than 1 x 10 



-7 



Very permeable 
Medium permeability 

Low permeability 
Very low permeability 
Practically impervious 



*''(To convert to feet per minute, multiply above values by 1\ 

3 
to convert to feet per day , multiply above by 3 x 10 ) . 



TABLE 11. 



PROPOSED RELATIONSHIP BEIWEEN 



LAB PETOffABILITY AND "t" Time 


Tab Permeability (cm/sec) 


"t" Time (min/in) 


-2 
10 or larger 


i : 


-2 -3 ! 
10 to 10 *" 1 


IP 


-3 -M- 
10 to 10 


m ' 


' 10'^ to 10"^ 


ii . 




3 4 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 

TIME FOR WATER SURFACE TO FALL ONE INCH, min. 

FIGURE 1(a)- RELATIONSHIP OF TILE FIELD LOADING RATES TO 
PERCOLATION TEST RATES. (AFTER M*=6AUHEY AND KRONE, 1967) 
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D I 2 3 4 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 
TIME FOR WATER SURFACE TO FALL ONE INCH, min. 

FIGURE Kb) - RELATIONSHIP OF CESSPOOL LOADING RATES TO 
PERCOLATION TEST RATES. (AFTER M*GAUHEY AND KRONE, 1967) 
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FI@URE Eld) - EQU I PMENT FOR PERCOLATION TESTING 
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FIGURE 3 - PERCOLATION TIME VS PERMEABILITY 
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FIGURE 4 - PERCOLATION TIME VS SOIL TEXTURE 
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FieURE 6 - PERCOLATION TIME VS PERCENT OF SILT ft CLAY 
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FIGURE 7 PERCOLATION TIME VS SOIL PLASTICITY 
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FIGURE 8 - CROSS-SECTION OF PERCOLATION HOLE 
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FliURE i - HYDRAULIC CONDUCTIVITY CPERMEAB I L I TY) AS A FUNCTION 
OF SOIL MOISTURE TENSION (AFTER BOUMA ET AL I 97t) 
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h = height of wo fir 
in test hole 



Ground Water Table 



kgQ - 525,600 



|,,nh (— ) - 1) -^ 
h2 



(• 



whiri> kgo ' eoifflciinf of permeability, ft* per year, 

I s height of water in the hole, ft, 

r - radius of hole, ft. 

Q - discharge rate of water from hole for steady 
state condition, eu. ft/min. 

/i| = viscosity of wafer at temperaturi t 

M20" viscosity of water at 20**C 

For a 4 inch-diameter hole, r - -^ ft, h - 6 in = 1/2 ft. 

t - 10 min. for I in drop of wafer 
level in the 4- in hole. 

Q = "^("1") Ji J|- cu. ft./ 10 min. 

—4 

t = 10 min.,k2o - I .93 x 10 cm/sec. 

_*% 
t - 60 min.,k2Q = 3.2 x 10 '^cm/sec. 



FIGURE 10 - CALCULATIONS OF k FROM "f" TIME USING 
U.S. BUREAU OF RECLAMATION EQUATION 
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